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INTRODUCTION 
For the interpretation  of the electrical field of the organism  as a  whole 
(Burr  and  Northrop,  1939)  the  possibility  of  algebraical  summation  of 
membrane potentials throughout the body must be considered.  Frog skin 
is particularly  suitable for the construction of models of summated poten- 
tials,  as it  can  be removed without  injury  and  survives several hours in 
Ringer's  solution.  Moreover, this  tissue performs many of the functions 
of the plasma membrane  of single cells such as respiration,  water intake, 
and ionic exchange (Dean and Gatty,  1937; Krogh,  1937), and is therefore 
of interest  in  connection  with  the  problem  of  the  summation  of  cellular 
E. x~. F.'s (Rosene, 1935).  The most striking example of the possible sum- 
mation of the potential of single units is the electric organ of certain fishes. 
Thus the 400 elements in series of the electric ray, producing a  total of 30 
volts, must develop an average of 75 inv. apiece (Hill,  1932, p.  12), which 
is a  typical value for frog skin.  The following experiments were designed 
to demonstrate the summation of the potentials of pieces of skin arranged 
in series in tubes of Ringer's solution. 
Methods 
Pieces of frog skin from the ventral and dorsal region of the trunk were tied on the 
blunt end of medicine droppers  (external diameter 9 ram.) mounted  on No. 4 rubber 
stoppers inserted in 11 cm. lengths of glass tubing  (diameter 21 ram.)  as indicated in 
Fig. 1.  Each tube was filled with Ringer's solution through a side arm and the units 
linked  by short  lengths  of rubber tubing  filled with  Ringer's  solution fitted on  the 
projecting ends of the medicine droppers.  All the skins faced the same direction; i.e., 
in each tube one skin was tied with the negatively charged outside outward and the other 
skin in the opposite direction (indicated by "normal" and "reversed" polarity in Tables I 
and II).  The terminal tubes contained only one skin each and into these dipped Ag- 
AgC1 electrodes leading to a type K potentiometer or a  Micromax recording potenti- 
ometer.  The summation potentials, however, were beyond the upper  limit  (100 my.) 
of the recorder.  The potential of each skin was measured separately before connecting 
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the holders in series.  The potential of the entire chain was taken and also the resistance 
(60 cycle conductivity bridge) and amperage.  The potential of each skin was measured 
again when the model was dismantled.  The pH of the Ringer's solution at the end of 
each experiment as determined by a glass electrode was 7.4-7.6, which is in the optimal 
range for frog skin potential (Barnes, 1939).  The Ringer's was thoroughly oxygenated 
at the beginning of each experiment.  Owing  to the length of the model a thermostat 
was not used.  The temperature was taken at every reading but was not a disturbing 
factor.  Owing  to the variation in potential of different frogs the sex and weight of 
each animal are recorded in Tables I  and II.  The time elapsing between the initial 
and final reading of the potential of each skin is recorded in the column marked "Age" 
in Tables I and II. 
RESULTS 
As will be seen in Table III the potentials built up in the eight models 
approached the value predicted from the potentials of each skin measured 
FIG. 1.  Tube for holding frog skins in model for summation of potential (see text). 
separately.  The discrepancies may be ascribed to three factors:  (a)  the 
natural fluctuations which occur in all normal frog skin preparations.  Thus 
in a model of twenty skins, an hour may elapse between the potential read- 
ing of the first skin and that of the completed chain.  (b) The determination 
of the resistance alters the potential.  (c)  Changes in the tension on the 
skin occurring during the assembling of the model modify the potential 
(Barnes and Coe,  1940). 
The  data on  amperage  and resistance of  the  models are  presented in 
Table IV.  The needle of the ammeter remained deflected for many hours 
indicating a  continuous output of electrical energy (Francis, 1933),  which 
is also suggested by the temperature characteristics of 10,000  and 17,000 
calories previously determined  (Barnes,  1940). 
SUMMARy 
Frog  skins  arranged  "in  series"  in  tubes  of  Ringer's  solution  exhibit 
summation of  electrical potential  which  helps  to  explain  the  nature  of 
electrical fields in the organism as a  whole and in the electrical organ of 
fishes. T.  CUNLIlClCE  BARNES 
TABLE  I 
Summation of Skin Potentials.  Model No. 1 
All  skins from  same  frog,  male  33  gin.,  2  April,  22.7-25°C. 
positive electrode. 
731 
Skin  No.  1  next  to 
Skill 
No.  Or~in 
Anterior ventral 
Posterior ventral 
Posterior dorsal 
Anterior ventral 
Pol~ity 
Reversed 
Normal 
Reversed 
Normal 
Initial ~.. K. l~. 
~gt. 
29.2 
41.2 
18.4 
10.0 
98.8 
(Calculated) 
105.0 
(Measured) 
Final :g. xr. 1~. 
~  ° 
37.2 
32.6 
4.0 
8.6 
82.4 
(Calculated) 
87.0 
(Measured) 
Age 
1 hr., 11 min. 
1 hr., 11 rain. 
1 hr., 10 rain. 
1 hr., 14 rain. 
TABLE  II 
Summation of Skin Potentials.  Model No. 4 
Skins from seven frogs.  5 April, 20-22.8°C.  Skin No.  1 next to negative electrode. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Frog  Sex  and 
No.  weight gin. 
1  9  36.0 
1  9  36.0 
2  9  33.5 
2  9  33.5 
3  o  ~  33.5 
3  o  ~  33.5 
4  9  41 
4  9  41 
5  o  ~  27 
5  o  ~  27 
6  o"  29.5 
6  o  a  29.5 
7  9  44.5 
7  9  44.5 
Origin 
Anterior ventral 
Posterior ventral 
Anterior ventral 
Posterior ventral 
Anterior ventral 
Posterior ventral 
Anterior ventral 
Posterior ventral 
Anterior ventral 
Posterior ventral 
Anterior ventral 
Posterior ventral 
Anterior ventral 
Posterior ventral 
Pol~ity 
Normal 
Reversed 
Normal 
Reversed 
Normal 
Reversed 
Normal 
Reversed 
Normal 
Reversed 
Normal 
Reversed 
Normal 
Reversed 
Initial z. K. 7. 
m. 
33.0 
92.5 
32.8 
91.8 
33.8 
95.3 
41.3 
67.6 
23.0 
70.0 
42.7 
92.1 
32.9 
62.5 
821.3 
(Calculated) 
758.6 
(Measured) 
Final E. K. ~. 
26.5 
64.5 
18.8 
70.0 
20.6 
48.4 
23.6 
24.5 
10.0 
48.1 
31.3 
62.6 
31.8 
78.7 
568.4 
(Calculated) 
597.1 
(Measured) 
Age 
rain. 
64 
60 
62 
59 
59 
57 
57 
54 
56 
55 
55 
55 
54 
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TABLE  HI 
Summation of Skin Potentials.  Data from Eig~ Models 
Model  No.  No. of skins 
4 
12 
12 
14 
18 
18 
18 
20 
Initial E. ~*. r. 
Calculated  Measured 
98.8  105.0 
316.6  319.5 
280.5  223.6 
821.3  758.6 
534.6  581.7 
350.2  300.0 
842.2  650.0 
Final ~.. ~. r. 
Calculated  Measured 
82.4  87.0 
292.5  342.5 
210.0  192.2 
549.1  597.0 
258.9  398.3 
387.0  436.0 
345.3  430.0 
61.0  51.3 
TABLE  IV 
Potential, Amperage, and Resistance of Frog Skins 
Potential before  resistance  Amperage  before  resistance  Resistance  of entire  circuit  Model  No.  reading  reading 
235.8 
223.0 
747.1 
510 
(9 hrs. later) 
562.0 
447.6 
(12 hrs. later) 
300.0 
350.0 
(10 hrs. later) 
650.0 
147.0 
(21 hrs. later) 
mlcTO~m~OTe$ 
5.0 
6.0 
12.0 
5.0 
(9 hrs. later) 
8.0 
5.0 
(12 hrs. later) 
4.0 
4.0 
(10 hrs. later) 
6.5 
3.0 
(21 hrs. later) 
ohms 
36,300 
39,500 
51,300 
64,500 
(9 hrs. later) 
67,000 
76,000 
(12 hrs. later) 
53,000 
75,000 
(10 hrs. later) 
95,000 
78,000 
(21 hrs. later) 
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